Abstract The north and south Moluccas (Indonesia) have very different geotectonic origins and, due to that, a difference in flora is to be expected. The north Moluccas moved westwards along the north coast of New Guinea to their present position, the south Moluccas moved north from Australia. On the other hand, a comparable climate in both areas and (partial) submergence during tectonic movement may have equalized both floras. Collection data from Naturalis Biodiversity Center on 1559 species in 121 families treated in Flora Malesiana were collected for the Moluccas, Sulawesi, and Western New Guinea (latitudes 9.2°S and 5.6°N and longitudes 118.8°E and 141°E) and georeferenced. Species Distribution Models (SDMs) were made, based on least correlated climate and edaphic variables, using only those species that were present in 5 or more grid cells of 5-arc minutes and models were tested for deviation from random. Both areas differ significantly and share only 50%-65% of their species. The 348 significant SDMs differ much less, though still significantly, sharing 91% of the species. Despite strong climatic and edaphic similarities between the North and South Moluccas, they differ greatly in species composition, which is in support of geotectonic reconstructions. The differences between the North and South Moluccas suggest that the continuous dispersal barriers and tectonic backgrounds have influenced their current flora.
Introduction
The Malay Archipelago (or Malesia; van Steenis, 1950; Raes & van Welzen, 2009 ) is a highly biodiverse region which has experienced, and still experiences, extensive tectonic movement especially during the last 60 million years (Hall, 2009 (Hall, , 2013 . The very early Gondwanan (Australian) origin of the western half of Malesia, and the much later Australian origin of the eastern half have led to a different fauna on either side of Malesia. These zoological differences have led to the description of several boundaries, most famous of which is Wallace's line (Wallace, 1860; Huxley, 1868) . The line runs east of the Philippines, passing either west (Wallace, 1859 (Wallace, , 1863 (Wallace, , 1876 or east (Wallace, 1860 (Wallace, , 1910 of Sulawesi, whose position was uncertain, and ends between Java and Bali. Although the lines are based mainly on zoological data, they do also represent boundaries for plant species (van Welzen et al., 2011) . Nevertheless, floral data suggests that Malesia is divided into three instead of two parts ( Fig. 1) (van Welzen et al., 2011) . The Sunda shelf in the west, Wallacea in the centre and the Sahul shelf in the east (van Welzen et al., 2011) . The western boundary is about the same as the Merrill-Dickerson/ Huxley line, but passes west of Java instead of between Bali and Lombok on the east of Java (van Welzen et al., 2011) . The eastern boundary is Lydekker's Line (Hall, 2009; van Welzen et al., 2011) .
Although the boundary lines give an idea of the floral divisions over the whole of Malesia, the effects of tectonics have not yet been explored on a smaller scale. One area where tectonics may have played a role in floral composition is the Moluccas. The Moluccas are part of the central biogeographical region Wallacea and are referred to as a single biogeographical unit (e.g., van Welzen et al., 2005) . However, they do consist of two island groups: the North Moluccas (the province Maluku Utara) and the South Moluccas (province Maluku; Fig. 2 ). The island groups have experienced considerable, but very different tectonic displacements. During the last 10 million years, the North Moluccas moved westwards along the complete north coast of New Guinea to their current position. The Southern Moluccas moved northwards from Australia, west of New Guinea. Many of the islands probably did not rise above sea level until 5 to 3 Mya (Hall, 2013) . This means that they never acted as Noah's arks for plants and animals (Hall, 2009 ). Next to this late emergence, they have always had sea barriers between them, even during glacial maxima, when sea levels were about 120 m lower than they are now (Hall, 2013) . This prevented easy dispersal of floral elements. The combination of the different tectonic background and the dispersal barriers may have led to differences in the floras between the two island groups. Conversely, the climate in both areas is similar. As climate (i.e., temperature and precipitation) is the main predictor of species occurrence (Boucher-Lalonde et al., 2012; Ara ujo et al., 2013) , this similarity between the North and South Moluccas may have led to a convergence in their floras.
This study investigates whether the combination of different tectonic backgrounds of the North and South Moluccas and the dispersal barriers between them have led to different floras, or whether their similar climates and the submergence of the islands during movement have led to similar, converged floras. This was done by comparing collection data and by producing Species Distribution Models of species present in the Moluccas. The result is important for the decision whether to regard the Moluccas as a whole or the North and South Moluccas separate as biogeographic units.
Material and Methods
This study uses the national Dutch plant collections stored in Naturalis Biodiversity Center, which have the richest holdings for the Moluccas and neighboring areas. Only locations of species present in the Moluccas and published in Flora Malesiana will be used, as this is the only reliably identified material. As collecting localities alone can give a very imprecise picture of distribution, Species Distribution Models (SDMs) will also be made. SDMs link collection data to climatic and spatial information of the collection sites to predict a species' distribution across a landscape (Elith & Leathwick, 2009) . To prevent border effects in the SDMs (Raes, 2012) , the area surrounding the Moluccas will also be taken into account. The resulting models together with the full collection data will be used to compare the floras of the North and South island group.
Study area
The region of interest for this study is the Moluccas in Indonesia. To increase the amount of species occurrences and avoid border effects (Raes, 2012) , its immediate surroundings, namely Sulawesi and Western New Guinea were also taken into account. The resulting study area is defined by the latitudes 9.2°S-5.6°N and the longitudes 118.8°-141°E (Fig. 3) . Parts of the Lesser Sunda Islands, East Timor and Borneo also fall within this range, but they were excluded from this study.
Species data collection
A list of 1559 species and subspecies of 121 families that were described in Flora Malesiana (van Steenis et al., 1950 till present) was provided by Naturalis (see also https:// floramalesiana.org/new/; last checked 15 Dec. 2017). Data for the selected species and infraspecies were extracted per family from the Naturalis database (using BRAHMS 7: Botanical Research and Herbarium Management System: http://herbaria.plants.ox.ac.uk/bol/). Missing latitude and longitude data were filled automatically from Gazetteer codes when available and coordinate data was converted from Degrees Minutes Seconds (DMS) to Decimal Degrees (DD). The data, containing 164 262 entries, was then exported as CSV files, for further assessment in Microsoft Excel.
Data cleaning and georeferencing
Entries from countries other than Indonesia were removed from the CSV files. Entries with undefined countries were retained and re-evaluated after supplementing data, at which point those that could not be defined were removed from the dataset. All entries' coordinates were checked for accuracy in DIVA-GIS (version 7.5; Hijmans et al., 2012) using detailed maps of the area downloaded from the program website (http:// www.diva-gis.org/gdata). Entries lacking latitude and longitude values were georeferenced based on locality descriptions using GeoNames (www.geonames.org), the Fuzzy Gazetteer (Kohlsch€ utter n.d.), National Geospatial-intelligence agency (http://geonames.nga.mil/namesviewer/), Google Maps, Old Maps Online (www.oldmapsonline.org), Dutch Colonial Maps (Leiden University Libraries n.d. a), collection maps in the KITLV Digital Image Library (Leiden University Fig. 3 . The extent of the study area (outlined area) containing Sulawesi, the Moluccas and Western New Guinea, between latitudes 9.2°S and 5.6°N and longitudes 118.8°E and 141°E. Dots indicate collection sites of the species used in this study. Parts of the Lesser Sunda Islands, East Timor and Borneo (shown in grey) also fall in this range, but they were excluded from this study (map made with DIVA-GIS v.7.5.0.0, available at http://www.diva-gis.org/). Libraries n.d. b) and a folder of collected expedition maps from the Naturalis library. Found coordinates were entered in the Brahms database of Naturalis. Entries that could not be georeferenced (e.g., due to illegible or unspecific location notes) were removed from the dataset. The resulting dataset contained 21 357 entries for 1477 species from 110 families.
The production of species distribution models requires the data to be in a spatial raster format. For these rasters, a 5 arcminute ($10 by 10 km) resolution was used as many localities could not be georeferenced with great precision. The whole study area contained 47 082 grid cells, of which 8345 were on land. Of the 8345 grid cells on land, 1175 cells contained record localities. Duplicate records were removed from grid cells to prevent overfitting of the models to environmental conditions. Lastly, species with fewer than five records were taken out, as this is considered the lower limit to produce useful distribution models (Hernandez et al., 2006) . The resulting data set contained 14 880 entries of 854 species from 105 families (see Table S1 in the Supporting Information for an overview of the families, genera and species).
Environmental predictors
A collection of environmental predictor datasets was used to make the distribution models. Data on altitude was downloaded from the DIVA-GIS website at 5 arc-minute spatial raster resolution (Hijmans et al., 2005) . Data on 19 soil property values was collected from International Soil Reference and Information Centre-World Soil Information (ISRIC; www.isric.org), also at 5 arc-minute spatial raster resolution (Batjes, 2012) . Climate data on temperature (Moderateresolution Imaging Spectroradio-meter (MODIS), Bio01 to Bio11 in Table 1 ) and precipitation (Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), Bio12 to Bio19 in Table 1 ) were downloaded at 3 arc-minute spatial raster resolution from www.vdeblauwe.wordpress.com (v 6.0; Deblauwe et al., 2016) . The MODIS and CHIRPS climate data grids were then resampled in R (version 3.3.3, R Core Team, 2017) using the 'raster' package (version 2.5-8; Hijmans, 2016) to change the resolution from 3 arc-minute to 5 arcminute, in order to match the soil and collection data resolution. We also added a data layer showing Dry Season Length (DSL, number of consecutive months with less than 100 mm precipitation) and a layer showing the Potential Evapotranspiration ratio (PET), which was estimated as the mean annual temperature divided by the total annual precipitation and multiplied by the empirically derived constant of 60 (after Loiselle et al., 2008 , from Holdridge et al., 1971 . All environmental predictor rasters were cropped to the geographic extent of the study area. All data manipulations were performed with R (R Core Team, 2017) and the script can be found in Doc. S1.
Due to the correlation between environmental predictors (e.g., altitude and temperature), modelling with all predictors will likely result in overfitting (Peterson et al., 2007; Raes et al., 2014) . To avoid these problems with multicollinearity (Graham, 2003) , all predictors with a Spearman's rank correlation coefficient of |r| > 0.7 (Dormann et al., 2013) were removed. When two variables were highly correlated, the one which was least correlated to others was selected for use. This resulted in the selection of 11 bioclimatic and 8 soil property variables (Tables, 1, 2) . For an overview of the correlation coefficients between all variables, please see Tables S2 and S3 .
Species distribution modelling
Species Distribution Models (SDMs) were made using MaxEnt (version 3.3.3k; Phillips et al., 2006 ; https://www.cs.princeton. Mean diurnal range (mean of monthly (max temp -min temp)) Bio03
Isothermality (Bio02/Bio07 Ã 100) Bio04
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edu/~schapire/maxent/), the maximum entropy algorithm for species habitat modelling (Phillips et al., 2004 Elith et al., 2010) . This program was chosen due to its superior performance with presence-only data (Elith et al., 2010) and outperformance of other modelling algorithms (Hernandez et al., 2006; Aguirre-Guti errez et al., 2013) . It also performs well when only few presence records are available (Wisz et al., 2008) and it is least affected by georeferencing errors ). MaxEnt's default settings were used, but product and threshold rules were excluded to avoid model overfitting (Merow et al., 2013) . All records were used for model training and the area under the receiver operating characteristic (ROC) plot value (Area Under the Curve (AUC)) of every resulting SDM was tested for significant deviation from random expectation, using a bias-corrected null-model (Raes & Ter Steege, 2007) . Null-distributions were made for every number of records by which the 854 species were represented (i.e., for species with 5 up to 112 presence records). As collections are often spatially biased to areas close to, e.g., roads and villages (Parnell et al., 2003; Reddy & D avalos, 2003; Loiselle et al., 2008) , and spatial bias can lead to inaccurate models (Reddy & D avalos, 2003; Loiselle et al., 2008) , target-group background sampling was used. Background locality draws were made from a mask layer representing the 1175 collection localities following a Monte Carlo randomisation procedure, ensuring the background data would have the same bias as the occurrence data. The random points were used to make 99 null-distributions for each number of grid cells (5-112 records) with MaxEnt, using identical settings and climatic variables as were used for the real SDMs, resulting in 99 AUC values for each null-distribution (Raes & Ter Steege, 2007 ). An SDM with an AUC value that ranks in the top 5% AUC values derived from random points performs significantly better than random expectations (P < 0.05) (Raes & Ter Steege, 2007) . A total of 348 plant species (41%) fulfilled this requirement and were projected to a dataset of the present climatic conditions of the study area.
Significance of all species is given in Table S1 .
Species richness
In order to analyse biodiversity patterns, the continuous MaxEnt values of the habitat suitability maps were converted to discrete presence/absence values by applying a 10 percentile training presence threshold (Liu et al., 2005; Raes et al., 2014) . This threshold is to prevent false-positive predictions by omitting areas with a predicted chance of presence of a species lower than 10%. The threshold was applied to all 348 significant SDMs, which were then stacked into a presence/absence matrix per grid cell for the study area.
To obtain patterns of species richness the species presences were summed for each grid cell. The resulting richness values were geographically plotted (Fig. 4) .
Differences between North and South
The presence on the two Moluccan island groups was determined for each of the 1477 species in the study, regardless of the number of collections of the species. A Wilcoxon signed-rank test was performed on this data to see whether the species collected were the same for both island groups. After the production of the SDMs, the presence on the island groups was again determined for species with a significant SDM, but now for the predicted presence. The predicted presence was measured with masks for the Northern (2.8°N-2.5°S, 124.2°-130.5°E) and Southern (8.4°-2.5°S, 124°-135°E) islands which allowed the number of grids with predicted presence to be counted. Occurrence frequencies per island group were calculated for both the whole list of species and the significant SDMs and species with more than 90% of their distribution on either island group were recorded. Presence of species was compared between the two island groups and New Guinea and Sulawesi using the collection data. As the Sula islands and the rest of the North The variables in grey were selected for the species distribution modelling.
Moluccas are separated by Weber's line, their species composition was also compared with the rest of the North Moluccas, New Guinea and Sulawesi.
Results

Species presence and richness
In total, 21 357 entries of 1477 species from 110 families could be georeferenced. Of the 1477 species, 854 had sufficient data available to produce species distribution models. After testing significance with a bias-corrected null-model, 348 SDMs showed to be significantly different from random distributions. The richness plot produced with these 348 species (Fig. 4) shows that the most diverse areas are found on the north-west coast of Sulawesi, on Halmahera, Morotai and Misool in the North Moluccas (NM), on Ambon and the north of Seram in the South Moluccas (SM), and on Waigeo and around the Cyclop mountains of Western New Guinea. When comparing the NM and SM, it appears that the NM contains the highest species density. However, the diversity of species was larger in the SM. The latter also holds true for both the 348 significant SDM species, and the full collection data.
Differences between North and South
A total of 1440 species had collection localities on the Moluccas as a whole (Table 3) . On the NM, 874 different species were collected, of which 307 (35.1%) were not collected on the SM. On the SM, 1133 different species were collected, of which 566 (50.0%) were not collected on the NM. A further 567 species were collected on both island groups. Based on the collection data, the two island groups differ greatly, sharing only 50%-65% of their species, which is also confirmed by a significant Wilcoxon signed-rank test (Z ¼-6.365602, P-value < 0.001). In total, the SM contain 17.1% more species based on the SDMs and 29.6% more based on the total data than the NM. The SM also has 47% more land area than the NM (579 versus 394 land grid cells). As the data was cleaned further and species with too few locations for SDMs were taken out, the difference between the island First row for the total 1440 species collected in the Moluccas, second row the 854 species used for the Species Distribution Models (SDMs), third row the 348 species of the significant SDMs, and finally for the modelled distributions of the 348 significant SDMs.
groups became less apparent. Looking at the 854 species used for SDMs, 109 were collected only on the NM, 221 only on the SM and 507 on both island groups. The species distribution in this subset still differed significantly (Wilcoxon signed-rank test, Z ¼-8.829719, P-value < 0.001). The resulting 348 significant SDMs contained 6 and 25 species with their main predicted presence (90% or more) on the NM and SM, respectively. The remaining 317 (91.1% of the total 348) species were found on both islands with frequencies between 10% and 90%. The collection data for these 348 species shows a slightly different pattern, containing 40 (15.6%) and 84 (28.0%) unique species for the NM and SM, respectively. The remaining 217 (62.4% of the total 348) species were shared between the islands. Species distributions differed significantly between the islands for both collected data sets (Wilcoxon signed-rank test, Z ¼ 6.365602, P-value < 0.001) and predicted models (Wilcoxon signed-rank test, Z ¼-3.610247, P-value < 0.001).
Differences between found and predicted
For this comparison, only the 348 significant SDMs were taken into account. Of these 348 species, 40 were collected only on the NM and 84 only on the SM. In comparison, there were far fewer species with their main predicted SDM presence (>90%) on either island group; only 6 species on the NM, and 25 on the SM (Table 3) . 217 species were collected on both island groups, and 7 from neither. In the predicted presences, 317 species showed presences on both island groups. This suggests that, although species were often not collected on the other island group, the climatic and edaphic conditions there are suitable to support a presence. Surprisingly, both island groups had 4 species that were collected solely from one island group, but whose predicted presence was mainly (i.e., !90%) on the other. Species collected on the NM whose predicted presence was mainly on the SM were: Ficus grewiifolia Blume, Gnetum cuspidatum Blume, Ipomoea indica (Burm.) Merr. and Symplocos cochinchinensis (Lour.) S.Moore subsp. leptophylla (Brand) Noot. var schumannia (Brand) Noot. Species collected on the SM whose predicted presence was mainly on the NM were: Decaisnina triflora (Span.) Tiegh., Lumnitzera littorea (Jack) Voigt, Rizophora mucronata Lam. and Symplocos cochinchinensis (Lour.) S.Moore subsp. leptophylla (Brand) Noot.
Moluccas vs New Guinea and Sulawesi
Overall, the Moluccas share 51.9% of the 1440 collected Moluccan species with New Guinea and 47.8% with Sulawesi (Table 4 ), indicating that, based on these species, the flora of New Guinea is slightly more similar. The NM shared 59.3% of its 874 species with both New Guinea and Sulawesi (36% of the total 1440), though they did not share the same species. The SM shared 56.8% of its 1133 species with New Guinea and 52.3% with Sulawesi (44.7% and 41.1% of the total 1440). That the NM shares more species with Sulawesi than the SM is partly due to the influence of the Sula islands, which lie in between NM and Sulawesi. The similarity between the SM and New Guinea is partly due to the influence of the Kai and Aru islands. There were 413 species that were shared by both island groups and New Guinea, and 423 that they both shared with Sulawesi. 319 species could be found in all areas.
Influence of environmental variables
The MaxEnt output gives two sets of values to describe the influence of the given environmental variables, namely 'percent contribution' (PC) and 'permutation importance' (PI). PI gives most information as is depends only on the final MaxEnt model (Phillips, 2006) . PC, on the other hand, is based on the path used to come to the optimal solution, which may result in different values even with the same final solution (Phillips, 2006) . Each species has its own PC and PI values, and the highest values were selected to see which environmental variables had the greatest influence. Altitude had the greatest PI, followed by Precipitation of the Warmest Quarter, Dry Season Length and Temperature Seasonality. Mean Temperature of the Coldest Quarter had a large permutation importance compared to its PC. Exchangeable Aluminium Content notably had a large percentage of species for which it had both the largest PC as well as the largest PI.
Discussion
Found and predicted distributions
Both island groups harbour a great variety of species. With its 1133 species, the SM contain more of the 1440 Moluccan species than the NM. As the land area of the SM is also larger than that of the NM (47%), this complies with the species-area theory of MacArthur & Wilson (1967) , which states that larger islands contain more species. This species-area relation was again confirmed in a study on the vascular plant flora of five large Malesian islands (Roos et al., 2004) .
There were a number of differences between the collection data and the predicted presence data. These differences may be due to a number of factors. Firstly, there may have been a spatial sampling bias in the collection data. Not all areas were sampled equally intensively. Ambon (SM), for example, was sampled extensively, whereas much of the southernmost islands of SM had hardly any samples in the database. SDMs mitigate the effect of a bias in collecting densities as they calculate the suitability for a species for all islands. Thus species widespread on Ambon (SM) might then also have suitable distributions in NM. Secondly, many species did not have sufficient collections or grid cells to qualify for the SDMs, which means that many rare and/or endemic species were excluded from the sampled species set. Endemic or rare species, which mainly caused the large difference in flora between NM and SM, may have originated in situ, but with regards to the lack of collecting it is likely that these species are less rare than presently thought. Even though SDMs exclude the rare species, they do this regardless of the islands and, again, likely have a mitigating effect, as they decrease the number of suitable species more for the more intensively collected islands than for the less well sampled ones. The SDMs still show a significant difference in the flora between NM and SM. Lastly, it is also worth noting that the predicted presence of species is based on habitat suitability. In other words, although the habitat in a certain area is suitable for a species, this does not mean it can really be found there. The realised distribution is always a subset of the predicted distribution (Boucher-Lalonde et al., 2012) as it is influenced by factors other than climate, for example, dispersal barriers and interactions with other plants and animals (Ara ujo et al., 2013).
Plant characteristics
There are aspects of the plants themselves that can aid their dispersal capacity. Small, wind-dispersed seeds, as well as bird/bat-dispersed seeds are more likely to get across sea barriers than heavy diaspores. In other words, r-strategy plants are more likely to colonize new islands than K-strategy plants. An inventory of the species in this study shows that there are no specific types of plants that are found mainly, or exclusively, on one island group. Species that are found in only one of the two island groups can be big or small trees, shrubs, perennial and annual herbs. Many of the plant families in this study contain species that grow in one island group only, as well as species that grow in both. Seeds, which are the easiest mode of dispersal, range from small to large diaspores. So the species in this study show that dispersal in this area is not directly related to a particular type of plant or dispersal capacity, that is, r-strategy plants are just as likely to have dispersed to other islands as K-strategy plants. This ties with the results of Roos et al. (2004) , who studied the flora of the five major Malesian islands. They also found that species with very varying dispersal capacities could be found on all five islands (Roos et al., 2004) .
Bioclimatic and edaphic influences
Temperature and precipitation are the primary determinants for plant distributions (Boucher-Lalonde et al., 2012; Ara ujo et al., 2013) . Therefore, a greater climatic gradient could accommodate a greater diversity of species. The SM has a greater climatic gradient, with the southernmost islands in the Banda arc having a longer Dry Season Length and higher temperatures (Deblauwe et al., 2016) , which may have contributed to their higher species diversity. The northern islands of the SM (Buru, Ambon, Seram) do not show distinct climatic differences with the NM (Deblauwe et al., 2016) , suggesting that, based purely on climate, they should share more species than they actually do. New Guinea and Sulawesi share most climatic circumstances with the Moluccas (Deblauwe et al., 2016) , apart from the longer Dry Season Length of the southern SM islands which is only shared with the southern tip of New Guinea. Large parts of New Guinea's Bird's Head do differ from the Moluccas, being wetter overall and colder, especially (but not exclusively) in the Kebar and Arfak Mountain ranges (Deblauwe et al., 2016) . This could provide a barrier to dispersal for some species from the NM. The central mountain range of New Guinea also provides an altitudinal and a cold temperature barrier, and the area south of it receives more rain (Deblauwe et al., 2016) . Soil properties do not show a distinctive pattern, despite different tectonic backgrounds (Batjes, 2012) . This may be due to the fact that the land areas derived from a combination of Australian crust and volcanic arches (Hall, 2009 ).
Oceanic barriers
The ocean, which separates all islands in the Moluccas, provides a great barrier for dispersal. Apart from sheer distance between the island groups, the currents in the Indonesian Throughflow (ITF), are some of the strongest in the world (Gordon, 2005; Sprintall et al., 2009 ) with the highest velocities at 100 m depth (Sprintall et al., 2014) . The ITF connects the Pacific ocean in the east with the Indian ocean in the west (Gordon, 2005; see Gordon et al. 2012 for an overview). It has a total volume transport of around 15 Sverdrup (Sv) which equals 15 million m 3 per second (Sprintall et al., 2014) . The highest amount of the ITF ($12 Sv) flows via the Makassar Strait, the remaining $2.5-3 Sv is contributed via the north-eastern passages around the North Moluccas (Gordon et al., 2010) . The main current towards the Indian ocean flows via the Banda Sea and exits through the Timor Passage (7.5 Sv). Around 4.9 Sv exits through the Ombai strait, just to the west, and the remaining 2.6 Sv exits via the Lombok strait (Sprintall et al., 2009) .
The currents around the North Moluccas are unresolved (Gordon et al., 2010; Sprintall et al., 2014) , but most of the flow goes through the Molucca Sea and Lifamatola passage, which lies between the small island Lifamatola (east of the Sula Islands) and Buru (Gordon, 2005; van Aken et al., 2009; Gordon et al., 2012) . At depths of >1250 m the transport is 2.5 Sv, whereas closer to the surface, at depths of >200 m the transport is around 1.1 Sv (Gordon et al., 2010) . There is also a current that flows through the Halmahera sea and then into the Seram sea, where it either goes east to New Guinea or west past the Lifamatola sill before entering the Banda sea (Gordon, 2005; Sprintall et al., 2014) .
The surface currents, due to the NE and SW monsoon winds, are not strong in the Moluccas (Wyrtki, 1961) , and often the currents run from west to east or vice versa, especially in the southern part of SM. There is north-south movement between NM and SM, as some south to north currents run during the NE monsoon in February-April (Wyrtki, 1961: 164, pl. 1a; 165, pl. 2a) , and some north to south currents run during the SW monsoon in June to August (Wyrtki, 1961: 166, pl. 3a; 167, pl. 4a) .
Due to these currents, any dispersal from south to north is not very likely. Still, the deeper currents are not only strong, the straits are also wide. The shortest distance between the islands of the NM and SM is around 70 kilometres (Sulabes in the Sula islands to Buru). This combination makes it highly unlikely for species that do not rely on, e.g., seabirds for their dispersal to get from one island to the next. Moreover, the diaspores of most species cannot withstand sea water, thus any transport by sea will nullify their chance of germination. As the tectonic plates continue to shift (Bock et al., 2003; Simons et al., 2007; Hall, 2009) , the passages will become narrower and the currents are likely to become more powerful, creating an even stronger barrier to dispersal.
Geological influences
The South Moluccas match most with New Guinea's Bird Head which may be due to their shared geological history. They were Different floras of the North and South Moluccasalways near each other throughout the movement of the tectonic plates (Hall, 2013) and have thus also undergone the same changes in climate. Still, Halmahera of the NM also has a shared history with northern New Guinea (Hall, 2009 (Hall, , 2013 and shares much of its flora with it. The NM moved along the northern shore, which has a different flora than other areas of New Guinea (van Welzen et al., 1997) . This may also help to explain how both the NM and the SM can share many, but different species with New Guinea. Whether the similarities between the islands are due to the tectonic history, or due to the current and historical climatic conditions is hard to say, but in the late Miocene, emerging land masses in Sulawesi and New Guinea, and volcanic islands in the Halmahera arc, Banda arc and Sunda arc may have offered pathways for dispersal (Hall, 2009; Thomas et al., 2012) . The volcanic islands in the Halmahera arc may also have provided dispersal routes (Thomas et al., 2012) , and the shallow seas and relatively large land areas around 10 Ma made this the time with the easiest connections between Sulawesi and Australia (Hall, 2009 ). Thus, similarities in the floras may, certainly at least partly, be due to the tectonic histories. Hall (2009 Hall ( , 2013 indicates that the various Moluccan microplates probably only emerged above sea level when they reached their present position. He also admitted that parts of the islands may have been above sea water earlier. The present difference in flora between NM and SM is an indication that likely several of the microplates acted as Noah's arks, transporting flora and fauna. The NM likely shared floral elements with N New Guinea and the SM with S-SE New Guinea.
Although there were large land masses and shallow seas in the late Miocene (Hall, 2009) , throughout most of their history, all islands in the region were more isolated (Hall, 2001 (Hall, , 2009 (Hall, , 2013 . The Makassar Strait has always formed a formidable dispersal barrier between Wallacea and Southeast Asia, having never been narrower than 75 kilometres (Hall, 2013) , where sea currents were strongest. Distances between many of the islands, especially in the Banda arc have also been considerable ever since their emergence (Hall, 2013) . Of course, geology will never be the only explanation for a species' distribution, as it is the result of numerous influences (Hall, 2009 ). However, species distributions can be highly influenced by land emergence and subsidence, plate movements, and historic climates (Hall, 2009) , and in this area, their impact has not been eliminated by the influences of climate.
Phytogeographic areas
The Moluccas are often regarded as a natural phytogeographic unit (e.g., van Welzen et al., 2005) . The present study, even if only the SDMs are taken into account, clearly demonstrates that the Moluccas should at least be regarded as two different phytogeographic units, the North Moluccas and the South Moluccas.
Conclusions
Despite the strong climatic and edaphic similarities between the North and South Moluccas, they differ greatly in species composition. The differences between found and predicted numbers overall are mainly due to rare and endemic species that did not qualify for the Species Distribution Models. The statistically significant differences in flora between the NM and SM support the geotectonic reconstructions of Hall (2009 Hall ( , 2013 , which show an independent origin of both areas. The SDMs show far less floral differences between both areas, which indicates that the abiotic conditions (climate and soil) for most species are similar on both island groups. Thus, climate did not have a severe equalizing effect on the floras of both areas.
Both parts of the Moluccas share more of their species with New Guinea than with Sulawesi. The North Moluccas share more with Sulawesi than the South Moluccas, partially due to the influence of the western Sula islands. These islands are likely to have experienced more dispersal opportunities with Sulawesi, especially during the Miocene. Shared species of the North and South Moluccas may have migrated to the islands via the varying volcanic arcs, but the islands may also have been (partially) emerged throughout a longer period of their tectonic journey (which is contrary to ideas of complete submergence by Hall, 2009 ). The differences between the North and South Moluccas suggest that the continuous barriers between the islands and the tectonic background of the island groups have influenced their current flora. Therefore, the Moluccas as a whole should not be regarded as a biogeographic unit, but the two island groups, North and South Moluccas, are to be treated as such.
The following supplementary material is available online for this article at http://onlinelibrary.wiley.com/doi/10.1111/ jse.12301/suppinfo: Table S1 . Overview of the 1447 species used in this study with their number of collections and AUC and significance values. Species with fewer than 5 collection localities are in grey. Species with significant SDMs are in bold. The families and species are taken from Flora Malesiana. Table S2 . Spearman rank correlation coefficients for 19 bioclimatic variables þ altitude þ Potential Evapotranspiration (PET) þ Dry Season Length (DSL) based on 1175 collection localities at the study area under current climatic conditions. Green shading indicates uncorrelated variables that were used to model the species distributions. |Spearman r| ! 0.7 values are highlighted in red. Definitions of the used variables are shown in Table 1 . Table S3 . Spearman rank correlation coefficients for 19 edaphic variables based on 1175 collection localities at the study area under current climatic conditions. Green shading indicates uncorrelated variables that were used to model the species distributions. |Spearman r|!0.7 values are highlighted in red. Definitions of the used variables are shown in Table 2 . Doc. S1. The Moluccas R script.
